Abstract. Aspects of Least Auklet (Aethia pusilla) breeding biology that pertain to the growth and development of chicks were studied on St. George Island, Bering Sea, Alaska, during the 198 1 and 1982 breeding seasons. Yolk was 41% of fresh egg contents, a greater value than in the eggs of other alcid species. Adult incubation shifts averaged 24 hr, and both parents frequently spent the night together in the nest during both the incubation and chick-rearing periods. Adults brooded nestlings continuously during the day until 6 days post-hatching; diurnal brooding then declined gradually until cessation by Day 18. Chicks grew rapidly and achieved peak mass by 20 days posthatching; most fledged at masses greater than average adult body mass. Nestlings were fed an average of 5.3 meals day-l; meals averaged 5.4 g and consisted mostly of Neocalanus copepods. Estimates of breeding success (72% and 66% in 198 1 and 1982, respectively) were about average for alcid species. The short nestling period of Least Auklet chicks is associated with frequent meal delivery and extended brooding made possible by the diurnal, nearshore foraging behavior of parents. Diurnal activity and nearshore foraging during the breeding season appear to be adaptations that minimize the duration of nesting and the associated risk of fox predation.
INTRODUCTION
The Least Auklet (Aethia pusillu) is the smallest alcid and the most numerous planktonfeeding seabird in the Bering Sea. It breeds along the Siberian and Alaskan coasts of the Chukchi Sea, on offshore islands of the Bering Sea, on the Aleutian Islands, and on islands off the southern coast of the Alaska Peninsula (Sowls et al. 1978) . It is the most abundant breeding seabird in the region, with an estimated population of six million breeding individuals in Alaska (Sowls et al. 1978) . A colony of about 125,000 breeding pairs exists on St. George Island in the Pribilof Islands, Alaska (Hickey and Craighead 1977) . Despite previous studies of Least Auklets (BCdard 1969a (BCdard , 1969b Sealy 1968 Sealy , 1975 Sealy , 1982 Sealy , 1984 opmental mode. Alcid chick development has been classified as either precocial, semiprecocial, or intermediate, based on the stage of development at sea-going. Least Auklets are semiprecocial and chicks are fed at the nest by both parents until full-grown. The combination of rapid development rate and high fledging mass (relative to adult mass) is unique among confamilials. Sealy (1973) proposed that interspecific variation in the developmental mode of alcid chicks is primarily an adaptive response to differences in the feeding ecology of adults. This paper describes certain aspects of breeding for adult Least Auklets (nest-site fidelity, egg composition, incubation shift, colony attendance, chick brooding, and chickfeeding rate) that pertain to the growth, development, and survivorship of nestlings and to the interpretation of variation in alcid reproductive traits. In addition, it presents comparative data with which to assess the degree of variation among populations of Least Auklets. (Roby and Brink 1986) . Most auklet nests were deep in crevices among the basalt talus and were accessible only if the nest were destroyed. However, we located 34 accessible nests in 1981 and 87 accessible nests in 1982 with the aid of a powerful flashlight, by carefully removing surface rocks. These nests were marked with stake flags and checked daily during the hatching and fledging periods and every other day in the interim.
STUDY AREA AND METHODS
The dock study site was a colony of about 20 breeding pairs that nested in a stone and mortar retaining wall that extended between two concrete docks at the village waterfront. The wall is about 2 m high and 20 m long and is just above high tide. None of the nests in the wall could be reached, so adults were captured in mist nets strung in front of the colony. We banded each adult with a U.S. Fish and Wildlife Service numbered monel band and a combination of colored, plastic leg bands that allowed each bird to be identified individually. By the end of the 198 1 breeding season, all breeding adults (and many non-breeders that frequented the colony) had been color-banded. We located nest entrances by observing banded birds as they returned to the colony with chick meals. Each entrance was marked with spray paint and numbered.
We collected eggs at two colonies in beach rubble: one about 2 km east of St. George Village ("Airplane Wing") and the other at Zapadni Beach on the southwest coast of the island. We measured egg length and breadth to the nearest 0.1 mm with vernier calipers and weighed eggs to the nearest 0.1 g on an Ohaus triple-beam balance. The stage of embryo development was determined by candling eggs with a bright flashlight. Fresh eggs (those with no visible embryo development) were separated into shell, yolk, and albumen, were weighed to the nearest 0.1 g, and were air-dried to constant weight at 50 to 70°C. All other eggs were placed in a Hovabator portable incubator set at 38°C and were turned daily.
During the 1982 breeding season, we recorded colony attendance, incubation, and chick-feeding schedules for 32 color-banded, breeding adults at the dock study site. Breeding adults arriving at the colony invariably landed on top of the wall, where they could be identified prior to entering their nest. However, adults flew from the nest entrance directly out to sea; consequently, we could not identify individuals as they departed. We distinguished subadults from failed or nonbreeding adults using plumage differences described by Bedard and Sealy (1984) . Incubation shifts were determined by continuously observing the dock study site during daylight hours from 2030 on 17 June to 2400 on 21 June 1982. We estimated the duration of incubation shifts by halving the period between consecutive arrivals of color-banded individuals at the colony. The frequency of meal deliveries to chicks was determined by continuous observation for a 48-hr period in the middle of the chick-rearing period (19 to 20 July 1982). Sixteen pairs of parents were engaged in feeding nestlings during this period. Each arrival of a colorbanded individual with a meal in its sublingual pouch was recorded as a meal delivery. We recorded all times as local Alaska Daylight Time, which is about 2.5 hr ahead of solar time.
We compared inter-and intra-year differences in median hatching date using the median test (Siegel 1956 ). Fledging dates could not be determined with certainty by the absence of a chick from its nest site, because some chicks wandered into adjoining crevices as they neared fledging, particularly if disturbed. In 1982 we verified fledging dates at the Ulakaia study site by excavating 25 nests after the nestlings had disappeared.
We were able to capture some nestlings at the Ulakaia study site by hand or with the aid of a small net on the end of a flexible rod. We weighed chicks to the nearest 0.5 g using a Pesola spring scale (50-g or 100-g capacity), and measured wing chord and 10th primary to the nearest 1 mm with a flexible plastic ruler. These data were fitted by logistic and Gompertz growth models using non-linear regression programs in the SAS package (1982). We determined the incidence of diurnal chick brooding by carefully approaching nests and quickly shining a flashlight into the chamber so that wary adults could be detected if present.
Chick meals were collected at three colonies: Ulakaia Hill, dock study site, and Zapadni Beach. We erected mist nets perpendicular to the flight paths of incoming adults and spread plastic sheeting under the nets. Examination of adults after disentanglement from the net insured that the entire chick meal had been ejected from the sublingual pouch while in the net. Only complete meals were collected from the plastic sheeting. Each meal was placed in a pre-weighed plastic bag (weighed to the nearest 0.1 g) and frozen.
We measured adult body mass during the chick-rearing period as part of a separate study of daily energy expenditure. Adults were captured in mist nets at the dock study site and weighed to the nearest 0.1 g on a triple-beam balance. Some adults were recaptured within 48 hr and reweighed.
We estimated hatching success at the Ulakaia study site as the percent of eggs found that eventually hatched. Chicks were removed from their nests for a separate study of body composition during the development period, so the size of the nestling sample declined as the nestling period progressed. Consequently, the percentage of chick mortality was calculated on a day-by-day basis by comparing the number of chicks still alive at a given age with the number alive the previous day. To obtain an estimate of nestling mortality, these age-specific mortality rates were multiplied over the entire nestling period. Two potential sources of error in this estimation procedure are (1) chicks missing from nests may have been recorded as dead when they had only moved to an adjoining crevice and (2) (Fig. lc) . During the but continued to frequent the dock study site. morning and early afternoon, subadults were particularly active on the colony surface, prospecting for nest sites and interacting with other subadults and nonbreeders. From 1500 to 2200 no departures or arrivals were observed, and no birds were present on the surface of the colony. The evening activity period was short and intense, lasting from 2200 to 2330. Sixtytwo percent of birds that arrived in the evening were breeding adults; the remainder were nonbreeding birds that did not spend the night in the colony. ing. Once chicks were six days old, diurnal brooding gradually declined, and by Day 18 no young were attended by an adult during the daylight period (Fig. 3) . Between Days 6 to 17, brooding of chicks was intermittent; the duration of brooding bouts decreased with chick age, probably in relation to the chick' s capacity for thermoregulation. Although we did not check nests at night, observations at the dock study site during the chick-rearing period indicated that chicks were attended by at least one parent each night, regardless of chick age. Adult attendance overnight lasted at least 7.8 hr, which means that nestlings were attended a minimum of 32% of the time each day (Fig. 3) .
Chick brooding. Diurnal nest checks Chick growth. Data on nestling body mass throughout the chick-rearing period indicated were plotted by age (Fig. 4a) . On average, body that chicks were brooded by a parent nearly mass increased up to 20 days post-hatching, continuously for the first five days after hatch-after which no significant change occurred prior Attendance and chick feeding. Adults with chick meals arrived at the colony throughout the day (Fig. 5a) . Unlike during incubation, when activity at the colony ceased completely during the afternoon, adults arrived and de- Nonbreeding birds (mostly in adult plumage) continued to frequent the colony during the chick-rearing period (Fig. 5b) , but subadults were rare compared to their presence during the incubation period. Arrivals of breeding adults were most frequent from 2000 to 2230 (Fig. 5a ). Of 79 recorded arrivals during the evening period, 82% were adults carrying chick meals, 8% were adults without meals, and only 10% were nonbreeders, failed breeders, or subadults. During the evening influx of birds, when most breeding adults arrived with chick meals, few departures occurred and most of these were by nonbreeders. The incidence of departures from the colony was high between 0600 and 0700 (Fig. 5c) , well before the first influx of adults carrying chick meals. Some adults departing at dawn were probably not recorded due to poor visibility and their rapid flight out to sea. Observations indicate that at least one parent, usually both, spent the night in the nest crevice with the chick.
The arrival of adults with chick meals in the evening is synchronized; and, as Manuwal of the birds arriving in the evening were nonbreeders, mostly in adult plumage. In the case of the colony at the dock study site, the net movement of individuals to the colony in the evening provides a fairly accurate estimate of the known number of successful breeders, suggesting that the number of breeding pairs is Body mass of some dock-study-site adults changed appreciably in less than 48 hr. For 24 banded adults that were weighed twice within 48 hr, the absolute value of the change in mass averaged 2.8 g (SD = 2.61, range: 0.1 to 11.6). This suggests that gut contents vary substantially during the day and/or that considerable body fat is deposited or metabolized over short periods.
BREEDING SUCCESS
In 198 Incubation shift and chick feeding. The duration of incubation shifts and the frequency of chick feeding are thought to reflect aspects of seabird feeding ecology. Alcid species that forage offshore and/or feed on unpredictable prey tend to have longer incubation shifts and lower chick-feeding frequencies than those that forage near shore (Sealy 1973 (Sealy , 1976 Sealy (1973) suggested that the lower growth rates of nocturnal alcids result from lower feeding rates. However, daily food consumption by Cassin' s Auklet chicks is about twice that of Dovekies and Least Auklets (see above), suggesting that growth rate is not limited by the amount of food adults can deliver to chicks. Ricklefs et al. (1980) have suggested that the slow growth rates of some seabirds are due to the precocial development of hatchlings, rather than to limitations in food supply. This hypothesis states that growth rate is constrained by the proportion of tissues that are allocated to the competing functions of growth (cell division) and mature function (locomotion or thermogenesis; Ricklefs 1983). Thus the more precocial a neonate, the greater its mobility and thermoregulatory abilities, but the slower its growth rate. For alcid chicks that remain in the nest, variation in precocity is reflected primarily in differences in thermoregulation. Our observations of chick brooding in Least Auklets indicate that acquisition of thermal independence is a gradual process. Adults make several trips to the breeding site each day, and nestlings are apparently brooded periodically as needed until age 18 days. Dovekies also deliver several chick meals daily (Norderhaug 1980 ) and nestlings are brooded intermittently until 20 days after hatching (Stempniewicz 198 1). Early in the nestling period there is clearly a trade-off between the brooding requirements of the chick and the number of chick meals the parents can deliver, This trade-off is more stringent in nocturnal species. Chicks must either maintain their body temperature during the day when both parents are feeding at sea; or one parent must remain at the breeding site for the entire day, thus reducing the food delivered to the chick by at least 50%. Development of thermoregulation is apparently more precocious in Cassin' s Auklet nestlings because diurnal brooding abruptly ceases once chicks are five to six days old. The cost of increased precocity in the chicks of nocturnal alcids may be slower growth rates and longer nestling periods relative to diurnal species.
In summary, by foraging near shore on abundant prey with a high energy content (Roby et al. 1986 ), Least Auklet adults can deliver several chick meals each day. Repeated visits to the breeding site by parents during the day and attendance by at least one of the parents at night permit chicks to remain thermally dependent on adults for much of the nestling period. High growth and development rates relative to other alcids may necessitate this delay in thermal independence. Shortening the nestling period minimizes the exposure of adults and chicks to land-based predation and concentrates breeding activities during the short period of peak food availability at high latitudes.
